Mucocoeles of the nasal accessory sinuses are commonly found to take origin from the frontal or anterior ethmoidal sinuses. Mucocoeles of the sphenoidal and posterior ethmoidal sinuses are rare conditions and only 60 cases have been described in the literature. A mucocoele is commonly defined as the accumulation and retention within an accessory sinus of its mucoid secretion, leading to thinning and possible distension and erosion of one or several of its bony walls. When its content is purulent it is generally referred to as a pyocoele. Much controversy has been raised over theaetiology ofmucocoeles, but no single factor has found general acceptance. Inflammation and injury, either directly or by scarring, and in rare cases a tumour such as an osteoma may all lead to partial or complete obstruction of the sinoidal ostium and can so cause a mucocoele (Howarth, 1921) . Other authors have put forward the theory of a cystic dilatation of one or several mucus glands (Benjamins, 1910) , and also congenital factors such as primary narrowing or absence of the sphenoidal outlet and deviation of the nasal septum have been mentioned to explain the origin of this condition (van der Hoeve, 1920; Linthicum, Rand, and Reeves, 1946) .
In contrast to the mucocoeles of the frontal and anterior ethmoidal sinuses, the spheno-ethmoidal mucocoeles are not directly visible and therefore difficult to diagnose. A clear history of sinus infections is only rarely present and the rhinological examination is often inconclusive. Nasal discharge or polyposis was found in less than half of the cases and only rarely can a mucocoele be seen bulging forward when examining the nasal cavity or the postnasal space. The development of this condition is slow and protracted and only when the mucocoele expands beyond its natural bony cavity and damages the important adjacent structures are dramatic symptoms likely to occur fairly quickly.
A mucocoele can exert pressure on an optic nerve and chiasma and so cause progressive loss of vision or even acute blindness, it may displace the cavernous portion of the carotid artery laterally and create transient or permanent palsies of the oculomotor nerves or destroy the floor of the sella turcica and simulate an adenoma of the pituitary. A mucocoele produces thus at this late stage of development a variable neurological syndrome and may even simulate a tumour. The diagnosis of a mucocoele is often therefore difficult to establish: in a quarter of the cases in the literature the true nature of the lesion was not recognized until craniotomy was performed, and in one case three craniotomies were undertaken for suspected intracranial lesions (Cody, 1956) .
The neurological symptoms of 40 cases of sphenoethmoidal mucocoele, includingthepresent two cases, will be reviewed. The term spheno-ethmoidal is here used in accordance with Lundgren and Olin (1961) , who showed that a mucocoele of the sphenoidal or of the posterior ethmoidal sinuses may give rise to similar symptoms and in the late stages it is often impossible to define the exact origin. Most authors report single cases only and so the methods of examination and assessment vary widely and in some cases the diagnosis remains doubtful.
As can be seen from Table 1 , the condition was unilateral twice as often as it was bilateral. Headache and pain often localized behind the eye were present in practically all the cases. Loss of vision coming on suddenly or progressively and leading in a few cases to total blindness was present in more than half of the cases. Changes in vision was generally the symptom which made the patient seek medical advice and led to further investigations.
Palsies of the eye movements were present in approximately half of the cases and were predominantly third nerve palsies. Another common finding was exophthalmos, which in the majority of the cases was not marked and in one case was pulsating (O'Shea, 1932 (Hajek, 1910; Kan, 1920; Horgan, 1921; Stieren and McKee, 1932; Berendes, 1939; Blanc, L6vy, and Wertheimer, 1939; Bilchick, 1940; Labayle, 1949; Everberg, 1955; Achslogh and Gottlob, 1957; MacCarthy, Lillie, Daily, Hollenhorst, and Holman, 1957; Neffson, 1957; Petit-Dutaillis, 1958; Maxwell and Hill, 1959; Heitzman and Ferguson, 1966) .
complication of compression of the pituitary is rare, though again pituitary function was tested only in one case when a pituitary adenoma was suspected (Escher, 1963) . It is remarkable that nasal symptoms were present in less than half of the cases in the literature, most of which were undoubtedly advanced. Whereas the visual complications of sinus disease have been well documented, little has been written since the study of Dimsdale and Phillips (1950) on the subject of cranial nerve palsies in sinus affections and it seems therefore justified to discuss the following two cases with isolated intermittent oculomotor nerve palsies.
CASE 1 (A34324)
A 48-year-old male cook of Spanish origin was admitted to the National Hospital because of pain in his left upper face and jaw for one month, and drooping of his left upper eyelid for a fortnight.
He had been in good health throughout his life and there was no family history of diabetes, hypertension, or neurological disorder. Apart from occasional colds he had no history of sinus trouble or respiratory allergy.
Two years previously the first episode of pain occurred behind his left eye, followed by diplopia and ptosis of the left eyelid, and lasted one month clearing up spontaneously without treatment. Since then the patient had been quite well until the present episode when he suddenly developed, three weeks before his admission, severe pain in his left forehead, left eye, and upper jaw, and inside his nose. The pain was extremely severe, of deep aching quality, not relieved by aspirin, interfering with sleep and was followed after one week by a complete left ptosis.
On examination he was fully orientated. There was a total left anosmia previously unnoticed by the patient and a complete extra-ocular third nerve palsy. The pupil, however, was not dilated and reacted to light. The 4th and 6th nerve function was normal. On both sides vision, fundi, and fields were normal. The blood pressure was 160/90 mm Hg but no other pathological findings were noted. Blood count, blood sugar, and WR were all normal. The cerebrospinal fluid was clear, colourless, and under normal pressure, protein (45 mg/l00 ml.) and sugar were within normal limits, and no cells were present.
No abnormality was found on otolaryngological examination and the left antrum washout fluid was clear.
RADIOLOGICAL EXAMINATION Skull Some abnormal shadowing was seen in the region of the sphenoidal and posterior ethmoidal sinuses and thickening of the mucosal lining of both antra ( Fig. 1) . Anteroposterior ( Fig. 2) and lateral ( Fig. 3 ) tomograms showed the presence of a spherical mass about 3-2 cm in diameter, situated almost in the midline but more on the left than on the right extending about 2 cm to the left and 1 cm to the right, which in lateral projection occupied most of the sphenoidal and posterior ethmoid sinuses. The floor of the sphenoid and posterior wall of the clivus were intact. On left carotid angiogram the cavernous portion of the internal carotid was in its proximal part displaced backwards and laterally (Fig. 4) .
X-ray diagnosis Mucocoele of the sphenoidal sinuses perhaps invading the posterior ethmoidal sinuses also.
EXPLORATION OF SPHENOIDAL SINUSES AND POST ETHMOIDAL
SINUSES VIA LEFT PATTERSON S APPROACH (Harrison, 1969) The mucous membrane of the right sphenoidal sinus was found to be swollen, a large bulging mucocoele was sional lymphoid follicles. Portions of bone also could be seen in the tissue where the histological picture was that of subacute or chronic inflammatory reaction. Bacteriological examination and culture were negative.
Three days after the operation the headache and third nerve palsy had improved and a week later he was free from pain, the ptosis had cleared up completely, and the mobility of the eyes was full on both sides. The patient has been followed up regularly and remained symptom free. He was last seen two years after the operation.
CASE 2 (3727)
A 55-year-old male advertising agent was seen as an out-patient in the National Hospital complaining that 14 months previously he began to suffer from severe pain in his head and behind the left eye regularly at 1 p.m. every day, so that he could almost set a clock by it. After eight weeks the severity of pain gradually improved. A radiograph taken at the time showed an opaque left antrum, but the patient refused further treatment because of the spontaneous disappearance of the pain. Two weeks previously, before his out-patient attendance, a severe intermittent throbbing pain behind the left eye reoccurred after a cold and spread to the side of the nose. Three days after the onset of the pain he found it increasingly difficult to open his left eye and he noticed diplopia on looking upwards, downwards, and to the right.
On clinical examination the only abnormalities found were a marked but incomplete ptosis, a complete palsy of the extra-ocular muscles innervated by the left 3rd nerve, and a pupil reacting sluggishly to light. After one week the pain disappeared but the diplopia and ptosis persisted. He was thus admitted a week later for further investigation, but by that time he was already symptom free and showed only a slight left ptosis. Otolaryngological examination revealed a deformity of the nasal septum and the presence of mucopus far back on the left side of his nose.
RADIOLOGICAL EXAMINATION Swelling of the lining mucosa of the left antrum was reported, the ethmoid sinuses showed lack of translucency due to mucosal changes. The sphenoid sinuses were partially opaque and their postero-superior walls could not be outlined. The entire sellar region was decalcified, particularly the anterior part of the floor. Lipiodol was introduced into the nose (after Proetz) and the maxillary sinuses and the anterior and middle ethmoids accepted the fluid but only the right sphenoidal sinus, which was outlined as a narrow slit anteroposteriorly. The left sphenoidal sinus was hazy and its outline was not clearly demarcated (Fig. 5) . A left carotid angiogram showed that the carotid syphon was displaced laterally in a smooth curve. One patient developed unilateral anosmia, though the mucocoele did not obstruct the nasal passages, and the anosmia, which persisted after the operation, was probably due to damage to the olfactory organ. No other nasal symptoms developed in this patient, in contrast with the second patient who showed signs of acute sinus infection.
It is unusual to find a sphenoidal mucocoele as the underlying cause of a recurrent 3rd nerve palsy and we could trace only eight further cases in the literature. Their characteristics are shown in concise form in Table 2 .
The cases of Dimsdale and Phillips (1950) were diagnosed as sphenoiditis, but they also had the characteristics of a mucocoele and none of them suffered from an acute infection. In all the other cases the diagnosis of a mucocoele was made.
From Table 2 It is pertinent that in eight cases the pupillary reaction to light was preserved, a finding that has been reported to be typical of diabetic ophthalmoplegia, whereas in ophthalmoplegia caused by aneurysms and tumours the pupillary reaction is usually abnormal (Rucker, 1958; Goldstein and Cogan, 1960) . Anosmia was found in three cases, and was in one bilateral; testing of smell is however mentioned in only five cases.
A history of sinus disease was present in four, but only in two of them was the rhinoscopic examination abnormal. Mucopus was present in one and nasal polypi in the other.
The absence of pathological findings on rhinological examination, the complete recovery between attacks and the large number of 3rd nerve palsies of unknown aetiology may explain why this condition is seldom diagnosed at an early stage.
The syndrome of severe unilateral facial pain with recurrent 3rd nerve palsy is typical of ophthalmoplegic migraine (Walsh and O'Doherty, 1960) , but before this diagnosis is made a sphenoidal mucocoele should be excluded. Jefferson (1947) found that 55 aneurysms out of total 158 caused isolated paralysis of the oculomotor nerve, but in such a case the recovery after a single episode is never as complete as in ophthalmoplegic migraine or in mucocoele. Oculomotor nerve paralyses may also be the presenting symptom of a pituitary adenoma (Symonds, 1962; Francois and Neetens, 1968) and patients affected by a mucocoele have undergone craniotomy, the condition having been mistaken for that caused by a pituitary tumour. The difficulty or even impossibility of distinguishing in some rare cases between a mucocoele and an aberrant cystic pituitary tumour such as craniopharyngioma has been pointed out by Schuller (1932) and Lundgren and Olin (1961) .
A history of sinus infection and the presence of pus or polypi on nasal examination will favour the diagnosis of a mucocoele. The finding of unilateral or bilateral anosmia will also support this diagnosis. Anosmia is mentioned in more than a quarter of the cases of mucocoele and is seldom associated with other forms of third nerve palsies.
Confirmation of the diagnosis will always be radiological. On plain films of the skull the sphenoidal sinus will usually be opaque, but may appear radiolucent if the combination of bone destruction and fluid accumulation result in a less dense image. Wide expansion of the sinus may be associated with hypertranslucency (Bloom, 1965) . Tomography shows loss of marginal scalloping, destruction of bone, and changes in the adjacent structures (Simon and Tingwald, 1955; Palubinskas and Davies, 1959) . Lateral displacement of the cavernous portion of the internal carotid artery, best seen in the anteroposterior projection, is highly significant (Bull and Schunk, 1962; Nelson, Holloway, Kara-Eneff, and Goldenberg, 1967) . If the distinction between a hypophyseal tumour and a sphenoidal mucocoele proves radiologically difficult, puncture of the sphenoidal cavity and injection of Lipiodol to outline the cyst may be undertaken (Hermann and Hall, 1945; Kustner, 1952; Libersa and Cecille, 1962; Escher, 1963 (Linthicum et al., 1946) in which the mucocoele had destroyed the bony wall of the sphenoid sinus, flattened the posterior clinoid process and the groove of the sella turcica, pushed the hypophysis to the right of the midline, and compressed and flattened the left optic nerve. Destruction of the bony walls has also been observed in cases which had undergone craniotomy and the pulsating dura was often directly seen during endonasal operations as in our second case. The isolated affection of the oculomotor nerve observed in our cases explains itself anatomically. When pituitary adenomata, as pointed out by Francois and Neetens (1968) , extend backwards and upwards the first nerve to be stretched in its dural sheet as it penetrates the cavernous sinus will be the oculomotor nerve. The fact that the paresis is often intermittent at an early stage is likely to be due to changing congestion and pressure of the mucocoele, which would stretch the dural sheet which contains the oculomotor nerve to a variable degree. In this context, it is interesting to remember that the pupillary reaction to light was preserved in eight out of 10 cases suffering from oculomotor palsy ( Table 2) .
In their extensive histopathological study of a case of diabetic ophthalmoplegia with preserved pupillary reaction, Dreyfus, Hakim, and Adams (1957) thought the lesion was compatible with an incomplete ischaemic neuropathy. The conservation of the pupillary response is explained by the ob-servation that the pupillary fibres travel between the middle of the cavernous sinus and the brain-stem at and around the surface of the oculomotor nerve (Sunderland and Hughes, 1946) . This peripheral position makes the pupillary fibres most vulnerable to external pressure but provides them with a better blood supply than the central part of the nerve in the case of ischaemia.
By analogy, the normal pupillary response in the majority of our cases makes us think that the ophthalmoplegia was not caused by direct pressure on the third nerve, but that the pressure of the mucocoele disturbed the circulation in the nutrient vessels and that an ischaemic neuropathy was responsible for the palsy. Bearing in mind that the oculomotor nerve and the first two branches of the trigeminal nerve are often separated from the sphenoidal cavity by a bony wall only as thick as an eggshell (Onodi, 1914; Sluder, 1918) it is astonishing how rarely an affection of the sphenoidal sinus causes cranial nerve palsies. Individual congenital factors, such as a very large sphenoidal sinus, a dehiscence in its bony wall or a small cavernous sinus, may be needed to provide the requirements for the development of this condition.
TREATMENT
The treatment of the sphenoidalmucocoeleisalways surgical, the posterior cells of the ethmoidal labyrinth and the anterior wall of the sphenoidal sinus should be removed, the mucocoele opened widely, and the lining removed where possible. In extensive mucocoeles asimple marsupializationofthemucocoeleinto the posterior nasal fossa may be indicated in order to allow for drainage and remove pressure, and it may be necessary to avoid injury to the lining in view of the damage to the optic nerve and the cavernous sinus (Hazeyama, 1967 Lundgren and Olin (1961) , permanent blindness can persist after only a few days of symptoms despite operative treatment; on the other hand, severe impairment of vision of years duration can also disappear after operation.
When the pressure is relieved the bone commences to regenerate and an eroded sella turcica will reform within a few months (Dimsdale and Phillips, 1950) . After a successful operation the free drainage of the sphenoidal sinus can be demonstrated radiologically; a contrast medium instilled in the nose will readily flow into the sphenoidal sinus when the head is tilted backwards (Lundgren and Olin, 1961) .
There are no contraindications to operative treatment and the post-operative course was practically always uneventful. In some patients however nasal discharge and post-nasal drip may continue for a long time afterwards.
Despite an apparent recovery after an attack of intermittent third nerve palsy, the mucocoele can continue to expand and cause irreversible optic atrophy. Early treatment of this condition is therefore at times of some urgency.
SUMMARY
The neurological symptoms of 40 cases of sphenoidal mucocoele are listed and two cases of recurrent oculomotor nerve palsy caused by a sphenoidal mucocoele are described.
Symptomatology, differential diagnosis, andpathogenesis of this condition are discussed and early surgical treatment is emphasized.
